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STATEMENT BY LEWIS L. STRAUSS, CHAIRMAN 
. UNITED STATES ATVMIC ENERGY COMMISSION 

At a news conference on December 17,195$ I stated that the staff of 
the Atomic Energy Commission was studying the subject of fdlout 
and expressed the hope that information about it. ~oulcl be made public 
at a later date. “Fallout” is the word now nlq~liecl to a phenomenon 
that follows the explosion of a nuclear weapon. Such an esplosion, if 
tlie fireball touches the surface of the WJTll, draws up large amounts of 
materials into the bomb cloud. These materials subsequently. fall back 
to earth as radioactire particles over a large area? mostly down-wind 
and relatilrely close to the point of explosion-although the lighter 
particles are carried great distances. The main radioactivity of fall- 
out decreases very rapidly wit.11 time -for the most part, within the 
first hours a.fter the explosion. An in-the-air esplosion where the 
fireball does not. touch the earth’s surface does not produce any serious 

r radiological fallout hazard. 
Since nuclear weapons are in possession of the USSR, the Commis- 

sion believes the American people wish to be informed regarding the 
dangers of nuclear explosions and the measures rrhich individuals can 
take to protect themselves if a.n atomic attack should ever occur. 
Therefore, the Commission has condensed in the attached Report the 
information which can be made public at this time on the effects of t.he 
explosions of high-yield nuclear Keapons. ’ I 

The following excerpts and summarized sections contain tl:e high- 
lights of the Report itself. 

FALLOUT PATTERS OF 1954 TEST IS THE PACIE‘IC 

. 

. 

* : 
The very large thermonuclear device tested at Bikini _Itoll on March 

, 1, 1954, was detonated on a coral island and the ensuing fallout con- 
I taminated an elongated, cigar-shaped area estending approximately 

22'0 statute mi7e.s douwt~+zkd and vwytt~ng in wk7fh. erp to $0 mi7e._c In 
addition, there was a contaminated area up-wiucl and cross-wind ex- 
tending possibly 20 miles from the point of detonation. Data was 

* collected from 25 points on 5 ajolls located from 10 to 330 miles down- 
wind (generally east) from Rrkmi Atoll. Due to an unexpected shift 
in the direction of the prevailin, 0 winds in the higher altitudes, the 
fallout missed the observation rafts that bad been placed farther nort.11 
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previous to the test firing. The estimated contour of the pattern of 
fallout. is, therefore, based only in part on data obtained from actual 
measurements nncl partly on calculations. 

rl 
Data from this and other tests permits estimate.s of casualties rhich 

would have been suffered within this contaminated area. if it had been 
I. 

.; populated. These e.&zafes assume : (1) that the people in the area, 

i 
would ignore eren the most elementary precautions; (2) that. they 
would not take shelter but would remain out of doors completely ex- 

. i 
. . posed for about 36 hours; and (3) that. in consequence they wonlcl 

receive the lllilSilllUlll exposure. Therefore, it will be recognized that. 
theestimates which follow are what might he termed exti’/;nze estimates 
since they a5’8ume the wom! *ossibZe’conditiona. 

:~ On the basis of our data from this test, and other information, it is 
, estimated that, following the Xarch 1, 1964, test explosion, there Kas 

sufficient radioactivity in a dowwind belt about 140 miles in length 
and of varying width up to 20 miles to hare seriously threatened the 
lives of nearly all persons in the area who too& no yrotectire measures. 

1 

./ ’ 

Some distance farther from the point of detonation, at about- 160 
* miles down-wind and along the axis of the ellipse, the amount. of 

radioactivity would have seriously threatened the lives of about one- 

! 

half of the persons in the area who took no protectit-e measures. 
Near the outer edge of the ellipse, or approsimately 190 miles dam- . 

! 
wind, it is estimated that. the level of radioacti\-ity would have been 
sufficient to haye seriously threatened the ET-es of 5 to 10 percent of . 
any persons who might have remained exposed out of doors for all 
of the first 36 hours. 

Thus, about 7,000 square miles of territoql down-wind frnm the 
point of burst n-as so contaminated that survirJ might hare depended 

f 

upon prompt eracuation of the area or upon taking shelter and other 
protective measures. 

I t At a distance of 226 miles or more don-n-n-ind, it is unlikely that 

i any deaths would hare occurred from rndifx!cti\-ity eren if persons 
_ i ! __ there had remained exposed up to 48 hour< i : .:I had taken no safety 

, 
measures. 

The estimates citecl above do not appl? ~!:iI~rml~ throughout the 
contaminated are;1 inasmuch as the intensiry of radioactivity within 
a region of heal-y fallout will vary frolic point to point, due to such 
factors as air currents, rain, snow, and other atmospheric conditions. 
Because of this ancl because most persons, if given sufficient. warning, 
probably would evacuate the arca or take shelter and other precaution- 
ary measures, the actual percentage of fatalities could reasonably 
be presumed to be considerably smaller than these extreme estimates. 

.I 
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PROTECTION AGAINST FALLOUT 

In a.n area of heavy fallout the greatest radiological hazard is that 
of exposure to &~TJ*JKZZ radiation, which can be greatly reduced by sim- 
ple precautionary measures. Exposure can be reduced by taking 
shelter and by simple dec.ontamination measures. Test data indicates 
that the radiation lecel, i. e., the rate of exposure, indoors on the first 
floor of an ordinary frame house in a. fallout. area would be about 
one-half the level out of doors. Even greater protecfion would be 
afforded by a brick or stone house. Taking shelter in the basement 
of an average residence would reduce the radiation level to about one- 
tenth that experienced out of doors. Shelter in an old-fashioned cy- 
clone cellar, with a covering of earth three feet thick, would reduce 
the radiatipn level to about l/5000, or down t.o a level completely 
safe, in even the most heavily contaminated area.. Designs of shel- 
ters of simple yet effective construction hare been prepared by the 
Civil Defense Administration and are available to the public. 

Radioactive material deposited during the fallout may or may not 
,be visible but. would be revealed by mdiation detection instruments 
such as Geiger counters. Any falling dust or ash that can be seen 
down-wind within a few hours after a nuclear.esplosion should be re- 
garded as radioatire until measured by a radiation detection instru- 
ment. 

Care should be taken to avoid the use of solid foods or liquids that 
may contain fallout particles. 

If fallout particles come into contact with the skin, hair, or cloth- 
ing, prompt clecontanlinntion precautions such as ha.ve been outlined 
by the Federal Civil Defense Administration will greatly reduce the 
danger. These include such simple measures as thorough bathing of 
exposed parts of the body and a change of clothing. 

IKTERSAL RADIATIOX EFFECTS 

Two other fac.tors must be considered in evaluating possible hazards 
from radioactive fallollt. The. first is the effect. of internal radiation 
from fallout particles swallowed in food or liquids. The second is the 
eflect of radiation upon the germ cells which transmit inherited char- 
acteristics from one generation to another. It should be noted that 
in neither case is there reason to believe that weapons testing programs 
of the United States have resulted in any serious public hazard. 

The radioactive forms of strontium and iocline are the constituents 
of fallout. which are of lwiixipal concern as intern;11 sources of radi- 
ation through ingestion. The concentrations of these snbst:uwes from 
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nuclear detonations to date have been monitored at many localit.ies, 
and the amounts detected hare been insignificant, compared to con- 
centrations which would be hazardous. 

GEXETIC EFFECTS OF Ri1DIilTION 

There is a wide range of admissible opinion as to the genetic effects 
which radiation might have up011 future generations, and conclusive 
data is not available at present on which to base ai1 incont.rovertible 
forecast. Hoverer, it is important to recognize that the average 
amount of radiation esposure received by residents of the United 
States from all nuclear detonations to date has been about the same 
as the,_exposure received from one chest X-ray. The Commission’s 
medical and biological advisers do not believe that this small amount 
of additional exposure is any basis for serious concern at this time. 

BLAST AND HEAT EFFECTS - . 

Two important characteristics of any nuclear esplosion, other than 
those from fallout, are the effects of blast and heat, which are of the 
same nature for a thermonuclear bomb as for the earlier and smaller 
atomic bombs. The intensity and area of the blast and heat effects in- 
crease in relation to the greater eneregy yield of the explosion. Much 
information 011 these two effects has already been published by the 
Atomic Energy Commission, but it might be recalled that an atomic 
bomb of the earliest type, equivalent to 20,000 tons of TNT, ~oulcl 
produce blast and heat sufllcient to destroy, or damage severely, build- 
ings within a radius of more than one mile from the explosion point. 
The United Stntcs has developed fission bombs ~XIJI~ times as powerful 
as the first atol$c bombs! and hydrogen weapons in the ranges of mil- 
lions of tons (megtltons) of TI1’T equivalent. 

PR.OTECTIOx AGAIXST BLAST ASD HEST 

The hazard from both burn and blast effects well ont.~i& the central 
target area would be reduced greatly by shelter. Clothing or alinost 
any kind of shelter would reduce the danger of direct burns, although 
there might be danger of clothing and structures becoming ignited. 
Also, shelter would n!aterially reduce the hazard of blast injury by 
affording protection against flying or falling debris. -4s is generally 
known, the shelter atYorded by ordinary city buildings would not 
suffice within the central area surrounding the point. of esl~losion of 
a large nuclear weapon. For this reason, the Federal Civil Defense 
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Administration recommends evacuation of the central areas of target 
zones on early warning of approaching attack. 

FALLOUT FE011 KEYADA TESTS 

Only relatirely small nuclcnr test esplosions are conducted at the 
Nevada Test Site, in contrast to the tests of high-yield thermonuclear 
devices at the Pacific Proving Grounds, In h’erada, as well as in the 
Pacific, all tests are planned for times when forecast’ weather condi- 

’ tions minimize the possibility of fallout hazard. High air bursts at 
the Nevada Test site have produced no significant fallout; heaq 
fallout from near-surface explosions has estended only a few miles 
from the point of burst. The hazard has been successfully confined 
to the controlled area of the Test Site. The highest actual dose of 
radiation at an ofl-site community has been estimated to be Zests fhan 
one-fhird of the greatest amount of radiation which atwaic energy 
workers are permitted to receive each. year under the Atomic Energy 
Commission’s conserratioe safety standards. 

,- 

In the erent of war involving the use of atomic weapons, the fallout. 
from large nuclear bombs exploded on or near the surface of the earth 
voulcl create serious 1lttZiWCl to civilian populations in large areas 
outside the target zones. The Atomic Energy Commission hopes 
that these dangers vi11 never be experienced by mankind. However, 
wtil the possibilit? of an atomic attack against us is eliniinatcd by 
a worlzable i&etxational plan. fo,, getreral disarmament, the study and 
evaluation of the etl’ects. of weapons which might be used against us 
and the inilwovenient~ of our means of self-defense are a paramount 
duty of our Gorernmcnt.. 

. 
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A REPORT BY THE UNITED STATES ATOMIC ENERGY CO& 
MISSION ON THE EFFECTS OF HIGH-YIELD NUCLEAR 
EXPLOSlOtdS 

1. Considerable information on the effects of the explosions of 
atomic weapons has been made public by the Government since the 
first nuclear detonations in 1945. The handbook, “The Etiects of 
Atomic \Teapons”, published in 1960, is being revised and brought up 
to d&e to include the effects of tlwrmonuclenr weapons, as a result 
of the most recent. tests nt.the I’ilcific l’roying Grounds. Xeferences 
to the effects of thermonuclecr esplosions have been made in several 
oficial statements, beginning Tit11 Chairman Strauss’ description of 
the phenomenon ‘of ‘Lfallout” at a Mllite House news conference on 
March 31,1%X The following statement is designed to condense and 
correlate information, some of v&cl1 already has been made public 
and other portions of which hare been of a classified nature until now. 

2. The effects of nuclear tests are evaluated for civil defense plan- 
ning as well as for military and technological purposes. So long ns 
nuclear weapons are in possession Of any unfriendly power, the Com- 
mission believes the American public will wish to be as fully informed 
as possible as to the nature and extent of the dangers of nuclear attack 
and of the protective measures that can be taken by individuals and 
communities to avoid or minimize those dangers if we should be 
&tacked. 

3. Test conditions, which must necessarily for;1 the principal basis 
of evaluating the efiects of nuclear esplosions, may differ markedly 
from those which might be expected if nuclear weapons were used 
against our population in Tcart.ime. It would be difricult. to predict 
the size or kiud of bomb an enemy might. use against us in went 
of mar, the esnct means of its deli\--cry, the height at which it would 
be exploded, or the number of bombs which might reach a given target. 
Nevertheless, the facts to follow are the fundamental ones at this time. 

FOUIt EFFECTS OF DETOSATJOSS 

4. A nuclear detonation produces four major characteristics- 
blast, heat, immediate nuclear mclintion, and residual radioactivity. 
Of these, the first three are essentially instantaneous, while the fourth 
has a more protracted efl’ect. The phenomena of blast, heat, and nu- 
clear radiation from the detonation of a thermonuclear bomb are 

8327010-55-2 (9) 

. : 



. _- 

10 

i 

.. f 
.* 

1’ 

of the same nature as those of earlier and smaller atomic bombs. The 
nature of the phenomena is! in general terms, stallCli~rdiZed whether 
the bomb be a 20,000-ton (TST equiraleut) atomic weapon or a ther- 
monuclear one of many times that po&er. The intensity am1 area of 
the blast, heat, and nuclear radiat.ion increase in relation to the greater 
energy yield of the esplosion. Information on these eifects has been 
extensively publicized ; therefore, the remainder of this report deals 
principally with effects other than heat and blast. 

5. Residual radioactivity, although in no sense exclusive to high 
yield tliermonn~lenr detonations, does become a matter of major cow 
tern when a large tl~ermom~clenr device of the type used in the 1054 
tests in the Pacific is esplodcd. The fallout of rndionctirity from 
such an explosion, may, under certain conclitions, settle over wide 
aweas. Therefore, the extent and severity of this radioactive fallout 
has been a. subject of continuing study since the first full-scale thermo- 
nuclear tests at the Pacific Proving Grounds on Sorember 1, 1052. 
The .results of these studies and of our evaluation of data obtained 

from the latest tests in the Pacific in March, 1064, are described in 
subsequent parts of this report. 

6. It should be notecl that if we had not conclucted the full-scale 
thermonuclear tests mentioned above, we would have been in ig- 
norance of the extent of the effects of radioactive fallout and? there- 
fore, w-e rould have been much more vulnerable to the dangers from 
fallout in the ereut an enemy should resort to racliological Tarfare 
against us. 

BLAST AXD HELiT EFFECTS 

‘7. The effects of blast and heat. from a nuclear esplosion are rela- 
tively localized. One A-bomb of the earliest type equivalent to 20,000 
tons of TST (20 kilotons) would produce blast snflicient to destroy or 
damage severely residences vrithin a. raclius of more than one mile from 
the point of burst. MWlin a radius of about a mile and a half, resi- 
dences rrould be so clamaged as to be unusable. without repairs. A 
principal haznrcl to human beiugs xould come from flying and falling 
debris and from fires. clue to such causes as broken gas and electric 
lines or overturned stoves. The area in which ii!juries to human be- 
ings would be caused by blast., therefore, would be about, the same as 
the area of damage to struct.ures. 

8. The Vnitecl States, as announcccl previously, has developed fis- 
sion bombs many times as powerful as the first. A-bombs, and hydrogen 
vieapons in the ranges of millions of tous (l~legi~tol~s) of TST equirn- 
lent. For these larger weapons, the blast. effects can be ~:~lculnirtl al+ 
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prosimntrly by means of a scaling law’? nanicl~, the distance at which 
a given blast intensity is produced varies as the cube roots of the yields 
of the explosions. 

9. Similarly, the heat and burn effects of nuclear explosions can be 
estimated from accuinulatecl clntn. These effects? of course, are in- 
fluenced by prevailing atmospheric conditions. The time eleriient also 
is a. prime factor. Yery Iillp weapons clelirer heat over an appreci- 
ably greater period of time than smaller weapons. A given quantity 
of heat from a high-yield weapon, delivered orer a longer period of 
time, will procluce somenhat 7e,~ severe burns than the same quant.ity 
of heat from a nominal detonation. 

PROTECTIOS AGAISST BLAST AXD HEAT 

10. The hazard from both burn and blast effects in tbe outer affectecl 
areas xvonlcl be reduced greatly b? shelter. Clothing or ahnost. any 
kincl of shelter would reduce the danger of direct. burns, although there 
might be some danger of clothing and structures becomes ignitecl. 
Also, shelter would materially reduce the hazarcl of blast. injury by. 
affording protection against flying or falling clebris. Thk Federal 
Civil Defense Sdministration has made extensive studies of shelters 
and has issuecl plans for several simple and inespensire types which 
can be utilized by householders. As is generally known, the shelter 
afforded by ordinary city buildings ~oulcl not. s&ice within the central 
nrea surrounding the point. of burst of a. large nuclear rreapon. For 
this reason, the Federal Civil Defense Mministration recommends 
evacuation of the central areas of target zones on’early warning of 
approaching nbtnck. > 

RADIATIOS EFFECTS 

11. The immediate nuclear radiation, i. e., the neutrons and gamma 
rays released instantaneously Vith the esplosion of a large weapon 
on or near the ground, does not present a serious hazard beyond the 
nrea where heat and blast. are of great concern. 

FALLOUT RADIATIOX 

12. Hoverer, particles with residual rnclioactiritr produced by a 
detonation (as opposccl to the immeclinte nuclear radiation) may fall 
out over an area much larger than that ntl’eTectcc1 by blast and heat, and 
over 8 longer period of time. All nuclear detomltioiis produce raclio- 
active materials, but t.he nature and cstent. of the ~~clioacti~e f:lllout 
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depends on the conditions u11der wl1icl1 tl1e bomb is fired. The main 
radioactivity of a bomb’s fallout decreases very rapidly Tit11 time 
for t.he most part, within tl1e first. l1ours after the det.onat.ion. , 

FALLOUT FROM IX-THE-AIR DETOXATIOXS 

13. In an in-the-air esplosion where the fireball does not. touch the 
earth’s surface, tl1e radioact.irity produced in the bomb condenses only 
on solid particles fro1n the bomb casing itself and the dust which 
happens to be in the air. In the absence of material drawn up from 
the snrfnce. these F77bstances ~r-ill condense with the vapors from the 

bomb and air d77st to form only tl1e smallest particles. These minute 
substances n!ny settle to the surface over a very wide area-probably 
spreading around the rorld-orer a period of days, or even months. 
I3ut they desce.nd estremelp slowly wit11 the result that, by t-he time 
they have reached the earth’s surface, the major part of t.heir radio- 
ac.tirity has been dissipated harmlessly in the atmosphere, and tl1e 
resid17al contamination is widely dispersed. 

FALTJXJT FROX SURFACE DETOSATIO,?‘S 

14. If, however, the weapon is detonated on the surface or close . 
enough so that the fireball touches the surface, then large amounts 
of material will be drawn up into the bomb cloud. ManI of the par- . 
titles thus formed are heavy enough to descend rapidly while still , 
intensely radioactire. The result is a comparatirel~ localized area 
of estrexne radioactive contaminat.ion and a much larger area of some 
hazard. Instead of wafting don-n slowly over a vast area, the larger 
and heavier particles fall rapidly before there has been an opportunity 
for them to decay 11nlmlessly in the atmosphere and before the winds 
have lwd an opportu11it,v to scatter them. 

15. The area of hazard from. ri7clioactire fallout from a surface 
or near-surface explosion of a thermonuclear weapon is mnch larger 

, 
tl1an tl1e areas seriously affected by bent. and blast. The large radio- 
active cloud of a tl;ennonuclear explosion rises with great rapidity 
to tl1e higrhest. levels of t.he atmosphere and spreads over hmldreds 
of square miles in the first liours. During this time the winds toss 
the extremely radioact.ive particles about. and the pattern of the radio- 
‘active fallout is determined by the. size of tl1e particles and by the 
direction and \-elocities of t.11e wi11ds, includi11g those up to 80,000 
feet and above. The nat.nrc of tl1e surface of the eartl1 on wl1ich 
the bomb is fired also must be taken i11to consideration. Because of 
tliese variables, it. is impossible to apply a single fallout pattern to 
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Bikini A&l. Due to an unespected shift in the direction of the pre- 
railing winds in the 1~ighe.r altitudes, the fallout missed the observa- 
tion rafts that had been placed farther north prerious to the test 
firing. The estimated contour of the pattern of fallout is, therefore, 
based only in part on data obtained from actual measurements and 
partly on ext,rapolntion, i. e., calculations based on known data, in- 
&cling factual information obtained during previous tests of smaller 
derices. 

19. Data from this test permits eatinzates of casualties which mould 
have been sutl’ered within this contaminated area if it had been popu- 
lated. These estimates assume : (1) that the people in the area would 
ignore eren the most elementary precautions; (2) that they would 
not take shelter but would remain out of doors completely exposed for 
about 36 hours ; and (3) that in consequence they would receive the 
maximum exposure. Therefore, it will be recognizecl that the esti- 
mates which follow are what might be termed e&renze e.stimates since 
they assume the worst possible conditions. 

20. On the basis of our data from this and other tests, it is estimated 
that, following the test explosion on March 1, 1954 there aas suffi- 
cient. radioactivity in a down-wind belt about 140 miles in length and 

of varying width up to 20 miles to hare seriously threatened the lives 
of nearly all persons in the area ~110 did not take pl*otective meawres. 
During the actual tests, of course, there were no people in this zone. 
Inside Bikini Atoll at a point 10 miles downwind from the explosion 
it is estimated that the radiation dosage was about 5000 roentgens for 
the first 3G hour period after the fallout. ‘The highest radiation 
measurement outside of Bikini Atoll indicatecl a dosage of 2300 roent- 
gens for the same period. This was in the northwestern part of the 
Rongelap Atoll, about 100 miles from the point of detonation. Acldi- 
tional measurements in Rongelap Atoll indicated dosages, for the first 
36 hour period, of 2000 roentgens at 110 miles, 1000 roentgens at 125 
miles, and, farther south, only 150 roentgens at 116 miles from Bikini. 

21. Some distance farther from the point of detonation, at about 
160 miles down-Find and along the’axis of the ellipse, the amount of 
radioactivity would hare seriously threatened the lives of about, one- 
half of the ~CJSOJ~S in the area who failed to take protectice .me(/wres. 
It is estimated that the radiation dosage at that point was about 500 
roentgens for the first. 36 hour period. 

22. Kear the outer edge of the cigar-shaped area. or approxi- 
mately 190 miles down-wind, it is estimated that the level of radio- 
actirity would hare been sufficient. to have seriously threatened the 
lives of 5 to 10 percent of any persons who might ha\-e rf_yn:liiic(~ es- 
posed out of doors for the first 36 hours. In this ilrea the radiation 
dosage is estimated at about 300 rocntgcns for the first. 3G hour period. 
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20. If fallout particles come into contact with tile skin, Ilnir or 
clothing, prompt decontamination precautions such as have. been out- 
lined by the Federal Civil Defense i1dministration will greatly reduce 

. the danger. These include such simple measures as thorough batJ&zg 
of exposed parts of the body and a change of clothing. 

80. If persons in a heavy fallout area heeded warning or notifica- 
tion of an attack and ewcunted the area or availed themselves of 
adequate protective measures, the percentage of fatalities would be 
great,ly reduced even in the zone of heaviest fallout. , 

81. Only relatiyelp small nuclear test esplosions are conducted at 
the h’evada Test Site, in contrast. to the tests of high-yield thermo- 
nuclear devices at the Pacific Proving Grounds. In Nevada, as well 
as in the Pacific, all tests are planned for times when forecast weather 
conditions minimize the possibility of fallout. hazard. Methods of 
forecasting weather patterns in these areas are improving steadily. 

” High air bursts at the Kerada Test Site have produced no signifi&nt 
fallout; heavy fallout from near-surface explosions has extended only 
a few miles from the point of burst.. The hazard has been success- 
fully confined to the controllecl .area of the Test Site. The highest, 
actual dose of racliation at an off-site community has been estimated 
to be less than one-tlrird of the greatest amount of radiation which 
atomic energy worker8 are permitted to receive each year wndcr the 
Atomic Energy C’ommiw’on’s conservative safety standards. 

*i’ 

INTERSAL RADIATION EFFECTS 

32. Several basic facts sl~oulcl be kept in mind in evaluating the 
hazard from fallout radiation. First, radiation is not a new phe- 
nomenon created by the esplosions of fission and thermonuclear weap- 
ons. Since the beginning of life, living t.hings have been exposed 
constantly to radiation from natural sources. Cosmic rays from space 
constantly pass through our bodies. We are exposed to “background” 
radiation from radium and radon in the soil, water and air. Our 
bodies hare always contained naturally radioactive’ potassium and 
carbon; 

33. As pointed out. earlier, detonations of all atomic weapons pro- 
duce radioactivity, a portion of which is carried to high altitudes and 
over great distances in the form of fine pnrt.icles. The perccentage of 
this radioactivity which travels beyond the relatively near area of 
the esplosion depends lilrgcly on the conclitions under which the bomb 

. . . 
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is fired, the percentage bein, m higher for in-the-air bursts where the 
fireball does not touch the earth’s surface. The most widespread 
radioactivity is pioduced only by the longer-lived fission products, 
since the radioactivity of the shorter-lived products decays and dis- 
appears before the particles come down to earth in a matter of days, 
weeks, months, and even years. The longer-lived radionctire products 
may be distributed ‘over the entire earth. Howercr, as the particles 
are carried farther and farther to remote areas, the possibility of 
significant amounts of filllout. decreases. 

RADIOSTROSTJUM l?;~I,LOUT 

34. One of the most biologically important~ radioactive substances 
found in.fallout is strontium-00. It has a long lifetime-nearly 30 
years on the average. Radiostrontium has a chemical similarity to 
calcium and, therefore, when taken into the body it has a tendency to 
collect in the bones. Radiostrontium cau enter the body in two mays- 
by inhaling or by swallowing. Xormally, the amount inhaled votild 
be small compared with the amount one might swallow. Fallout 
material deposited directly on edible parts of plants may be eaten along 
with the plants, but washing the plants before they are eateu would 
remore most of this radioactive material. However, rainfall carrying 
the radiostrontium dovn to earth ma? deposit, it in the soil where it 
can be t.aken up, in part, by plants and incorporated into plant tissues, 
later to be eaten by humans or by grazing animals which, in turn, pro- 
Tide food for humans. ’ 

35. Since the start of nuclear tests! careful meas&ements hare been 
made of the distribution of radiostrontium orer the earth’s surface, in 
the soils, in plants aud animal tissues, in the oceans! in rain, in the 
atmosphere and in all forms in which it might. be expected to occur. 
The results of this study are reassuring. The anlouut of radio- 
htrontium now present in the soil as a result of all nuclear explosions 
to date would hare to be increased many thousand t.imes before any 
effect on humans would be noticeable. 

. 

RADIOIODISE FbT,T,OI;T 

36. Among the shorter-lived fission products involved in the study 
of internal radiation, the most biologically important is radioiodine- 
131 with an average life of only 11.5 dilys. Even though this product 
may be widely spread after a nuclear explosion, the possibility of 
serious hazard is limited by its relntirel~ short. life. Like the non- 
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radioactive form of the element, it concentrates in the thyroid gland 
L and, in excessive quantity, conceivably could damage the thyroid cells. 

37. Scientists of the Atomic Energy Commission have estimated 
r’ that the average exposure of people in the United Stirtes from radio- 
__ iodine in the fallout from the entire series of tests in ‘the spring of 

.! 1954 was only a few percent of the annual dose that ‘can be received 
I i 

year after year and still have no noticeable effects. 

, 38. These two isotopes-radiostrontium and radioiodine-consti- 
\ . tute the principal internal hazards from the radioactivities produced 

by the. detonations of atomic weapons, both fission and thermonuclear. 
The _Itomic Energy Commission has been engaged for three years 
in a broad study of the radioactive forms of t.hese isotopes and con- 

*. ducts year-round monitoring of these radioactivities in many loca- 
tions. Any accumulation of these materials can be detected with 
great, sensitivity so that ample warning of potential hazard could 
be giren long before any actual danger occurrecl from test detonations. 
The amounts of radiostrontium nncl radioiodine which have fallen 
outside the areas near the test sites as a result of all atomic tests up 

. v to now are insignificant compared to concentrations that would *be 
considered hazardous to health. 

; 

. 
GEKETIC EFFECTS OF BADIATIOS 

39. One ot.her effect of rncliation must be considered in evaluating 
the long-range possibilities of hazard from nuclear detonations. This 
is the possible genetic effect. upon the germ cells which transmit. in- 
herited characteristics from one generation to another. At our pres- 
ent stage of genetic knowledge, there is a rather wide range of 
admissible opinion on this subject. 

40. III general, the total amount. of radiation received by residents 
of the United States from all nuclear detonations to date, indzcding the 
Ru.sxicr~~ am-2 British test8 and all of our on-11 t,ests in the United States 
and the Pacific, has been about one-tenth of one roentgen. This is 
only about l/lOOth of the average radiation exposure inevitably re- 
ceived from natural causes by a person during his or her reproductive 
lifetime. It is about the same as the exposure received from one chest 
X-ray. . 

41. The medical and biological advisers of the Atomic Energy Com- 
mission believe that the small amount of additional exposure of the 
general population of the United States from our nuclear weapons 
testing program will not seriously afl’ect the geiwt ic const it at ion of 
hunlnn beings. ~crcrthel&s, we are continuing our thorough study 
of the entire question and will coiktiiiue to repolt our lill(lingI. to the 
American people. 
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43. The Atomic Energy Commission hopes that the informatiou on 
nuclenr wenpous effects coiitnined in the foregoing report will iierer 
be reflected in human espericuce ns the result of mar. However, 
until the possibility of nu ntomic nttnck is elimiunted by a workable 
internnt.iounl l>lnrr for geuernl disnrmnmem, the study and evnluntiou 
of weapons effects and civil clefeuse protection measures must be n 
iiecessnry duty of our government. 

43. Inevitably, a certniu element of risk is involved. in the testing 
of nuclear \Will~OllS, just ns there is some risk iii mnnufncturiiig cou- 
veiitioiiul esploaives or in t lXllS~~Olti1~~ iidl;imd.de sulxhnces: such 
ns oil or gnsoliue on our streets nud highwnys. The degree of risk 
must be bnlnnced ngninst the gent importnuce of the test progrnms 
to the security of the nntiou nud of the free world. However, the 
degree of hnz:nrd cnn be evnlunted with cousidernhle nccurncy nud 
test conditions cnn be controlled to hold it to n minimum. Koue of the 
extensive dntn collected from all tests shows that residunl rndio- 
nctivity is being coucentrnted in dnngerous nmounts anywhere in the 
world outside the testing nrens. 

44. In the ereiit of wnr involving the use of atomic wenpous, the 
fallout from lnrge nuclear bombs exploded on or nenr the surface 
wmld crente serious haznrcls to civilian populntious in large nsens 
outside the tnrget zones. However, ns mentioued in the foregoing 
Report, there nre many simple nud hi$ly effective precautionary 
mensures which must be takeu by indiridunls to reduce casunlties to n 
minimum outside the immedinte nren of complete or near-complete 
destruction by blnst nud hcnt. Mnny of these protective mensures, 
such ns shelter nnd clecontnmiuntion procedures, have beeu detniled 
by the Federal Civil Defense Administration. 
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